Abstract: High resistance rate of melanoma to chemotherapy results in the development of other therapeutic strategies such as immunotherapy. Discrepancies observed in clinical responses to immunotherapy suggest the presence of immune polymorphisms and tumor escape mechanisms.
INTRODUCTION
The treatment of loco regional metastasis in melanoma relies on surgery associated or not with adjuvant therapies like administration of interferon, while for distant metastasis, the treatment consists of chemotherapy with limited effectiveness and a response rate of less than 15% [1] .
Surgery, associated or not with adjuvant therapies like administration of interferon, is used in the treatment of loco regional metastasis in melanoma. As for distant metastasis, the treatment consists of chemotherapy with limited effectiveness and a response rate of less than 15% [1] . Other therapeutic strategies have then been developed in melanoma and especially adoptive (TILs) and active (vaccination) immunotherapy, based on the high immunogenic potential of melanoma [2] [3] [4] . Trials are currently underway on this kind of approach, but clinical benefits are still limited. It appears that response to both TILs and vaccines depends on patient subpopulations as suggested by the results of Dreno et al., [5] who showed the benefit of immunotherapy using TIL infusion among patients with only one invaded lymph node (LN). These discrepancies suggest that there might be polymorphisms of immune cells, and/or establishment of tumor escape mechanisms. Today prognostic success factors for this type of immunotherapy are only a few.
Antigen recognition by TCR on T lymphocytes underlies immune response, however optimal and complete activation of naïve T cells requires a secondary signal, known as costimulation. After the initial activation, co-inhibitory molecules are engaged in order to restrain T cell functions. Expression of co-stimulatory and co-inhibitory molecules at the appropriate times and locations positively and negatively control priming, growth, differentiation, and functional maturation of T cell response. B7 family members act as key positive or negative control regulators of T cell activation.
Using phylogenic analysis, B7 family can be divided into three groups [6] . Group I includes B7-1, B7-2 and ICOS-L (B7-H2), group II consists of PD-L1 and PD-L2, and group III consists of B7-H3 and B7-H4, the newest members of the B7 family. Tumor cell expression of PD-L1 as a poor prognostic factor has been established for several tumors (kidney, ovary, gastric, breast, bladder, and pancreas) [7] [8] [9] [10] [11] [12] . More recently the correlation between the level of PD-L1 expression and progression of the disease in melanoma has been reported [13] .
B7-H4 seems to have an inhibitory function [14] but its receptor remains unknown. B7-H3 can promote or inhibit Tcell response. Only the activating receptor is known. The expression of B7-H3 and B7-H4 are reported on different tumor cell types [15] . B7-H3 and B7-H4 expression have been reported on melanoma cells in vivo and in vitro [16] . Their prognostic role has been established in other tumors such as colorectal carcinoma, renal cell carcinoma or prostate cancer [17] [18] [19] . More recently a survival benefit for patient with low B7-H4 expression in melanoma was found whereas B7-H3 was not associated with clinical parameter in this study [16] .
The death receptors tumor necrosis factor-related apoptosis inducing ligand receptors 1 and 2 (TRAIL-R1 and TRAIL-R2) also play an important role in controlling tumor cell proliferation and in tumor escape as they can induce apoptosis of the tumor cell. The level of apoptosis induced by TRAIL appears to be largely determined by the level of expression of the death receptors [20] but the latter's expression on melanoma tumor cells, as their putative role, remains debated ( is still being debated or remains unproved), [21] [22] [23] .
The objective of this study was to investigate the mechanisms of tumor escape. First we studied the expression by melanoma cells of B7-H3 and B7-H4 which may have an immunosupressive action in the immune response against melanoma, and secondly we studied the expression of TRAIL-R1 and TRAIL-R2 which modifications could be a way of resistance to apoptose. We studied those proteins expression frequency in vivo on melanoma invaded lymph nodes (LNs), and in vitro on melanoma cell lines obtained from the same LNs in order to determine if the expression of these proteins could have a prognostic value.
MATERIAL AND METHOD

Material
Metastatic melanoma tumour-invaded LNs from which TIL were obtained, were used [5, 24, 25] . After lymphadenectomy, the majority of the invaded LN samples was used to produce TIL but a biopsy fragment was collected for immunochemistry, and for the establishment of the autologous tumor cell line. The rest of the samples was processed for pathologic examination. All the patients signed a consent form approved by the Ethic committee (Nantes University Hospital).
From each of the 32 collected LN fragments, we obtained a frozen section for in situ immunohistochemistry (IHC), and autologous tumor cell lines when possible.
Immunohistochemistry
In order to obtain frozen sections, part of the lymph node fragment was embedded in TissueTek® (Sakura, Tokyo, Japan), and 5 m thick sections were cut using a Leica cryostat.
IHC was performed using the streptavidin/peroxydase technique on deep-frozen sections obtained from metastatic lymph nodes. Cryostat sections (5 m) were rehydrated in a Tris-buffered saline (TBS)/ bovine serum albumin (BSA) 0.1% solution (Sigma, St Quentin Fallavier, France), and endogenous peroxydase activity was blocked with an endogenous peroxidase blocking solution (DAKO, Trappes, France). The expression of the B7 family members and death receptors TRAIL-R1 and TRAIL-R2 at the protein level were detected using the following mouse monoclonal antibodies: anti B7-H3 (LS-B2614, LifeSpanBioSciences), anti B7-H4 (H74, eBiosciences), TRAIL-R1 (DJR1, eBiosciences), and anti TRAIL-R2 (DJR2-4, eBiosciences). Antibodies were used either at the concentration of 5 g/ml or 10 g/ml and were incubated overnight at +4°C and washed with TBS/0.1% BSA 30 minutes. Primary antibody was revealed by the biotinstreptavidin/peroxydase technique (DAKO ChemTek detection kit rabbit/mouse, Trappes, France) using AEC as substrate. Briefly, biotinylated secondary antibody and streptavidin/peroxydase were successively incubated for 30 minutes at room temperature. Sections were then incubated with AEC for 5 minutes and finally counterstained with Mayer's hemalun and mounted with aqueous mounting medium. Between the different steps, tissue sections were washed in TBS/0.1% BSA. Mouse monoclonal IgG1 isotype control (DAKO) was substituted to primary antibody as negative control.
Slides were read using a Leica microscope. The analysis of the sections was done by one investigator. The expression of the molecule in the tumor area was assessed in an open manner qualitatively: expression groups were defined based on presence or absence of membrane staining; and quantitatively using a semi-quantitative scale from 0 to 4 for each studied LN biopsy (0: no stained cell; 1: 1 to 25% stained cells, 2: 25 to 50% stained cells, 3: 50 to 75% stained cells, 4: more than 75% stained cells).
Double fluorescent immunostaining
This technique was performed for two LN biopsies in order to see exactly which types of cells were expressing the protein of interest detected by immunochemistry. Cryostat sections (10 m) were incubated overnight with the same primary antibodies than those used for immunohistochemistry. Slides were washed three times and incubated with a secondary fluorescent Alexa 488 conjugated antibody (IgG goat anti mouse, Invitrogen, CergyPontoise, France). Sections were then incubated for 2 hours with the second primary antibody Melan-A (EP1422Y, Abcam, San Francisco, USA) specific of melanoma cells, washed and incubated with another secondary fluorescent Alexa 568 conjugated antibody (IgG goat anti rabbit, Invitrogen, CergyPontoise, France). Nuclei were stained using Hoëchst(Sigma Aldrich, Saint-Louis, MO, USA). The sections were mounted with a glycerol medium: Mowiol(Polysciences, Warrington, USA). For each sample, one negative control slide was included.
Images were captured with a confocal Laser Scanning Microscope in collaboration with the Cellular and Tissular Imaging Core Facility of Nantes University (MicroPICell).
Production of Melanoma Cell Lines
The autologous tumor cell lines were established from the metastatic LN fragment in the Nantes Unit for Cellular and Gene therapy as previously described [26] . 1 to 2 mm 3 lymph node fragments were centrifuged and then pieces were inoculated on a culture medium enriched with fetal calf serum. The plates were observed under a light microscope every week and sub-cultured if necessary. The cell lines were obtained after 2 to 6 months for 40 to 70% of the LN samples, depending on the culture media used, and then frozen. The presence of melanoma cells was confirmed by analyzing the expression of tumor-associated antigens using flow cytometry and RT-PCR.
Flow Cytometry Analysis
Tumor cell lines were subjected to flow cytometry analysis. Cells were stained with phycoerythrin(PE) conjugated antibodies. The following mouse monoclonal antibodies were used: anti B7-H3 (LS-C74208, LifeSpanBioSciences), anti B7-H4 (H74, eBiosciences), antiTRAIL-R1 (DJR1, eBiosciences), anti TRAIL-R2 (DJR2-4, eBiosciences). They were used at a dilution of 1/40. After half hour incubation at +4°C in the presence of monoclonal antibodies or isotype control, cells were washed twice, resuspended in PBS and analyzed on a FACScan(Becton Dickinson, Mountain View, CA, USA) and using CellQuestPro software (Becton Dickinson). The mean fluorescence intensity was calculated on a log scale. A PE conjugated anti-Mouse IgG1 was used as a negative control.
Statistical Analysis
The Fischer's exact test and Wilcoxon rank test were used to analyze the correlation between the proteins expression in IHC and in flow cytometry. A value of P<0.05 was considered as significant.
Survival analyzes were performed. The Kaplan-Meier estimator was used. Likelihood ratio test (LRT) or Log rank test were used for each variable studied. 8 tests were used, 2 for each parameters (B7-H4, B7-H3, TRAIL-R1, TRAIL-R2). A Benjamini-Hochberg procedure was used to adjust the number of tests.
We studied relapse free survival ( the proportion of patient without known recurrence of the disease) and overall survival ( proportion of patient who stay alive. It takes into account death due to any cause).
RESULTS
Thirty-two melanoma invaded LN biopsies and 11 tumor cell lines obtained from these LNs were analyzed.
Expression Levels
Immunohistochemical Expression on Melanoma Invaded LNs
An expression of B7-H3 was found in 81.2% of the 32 melanoma invaded LNs, and B7-H4 in 50% of the 32 melanoma invaded LNs. Concerning the death receptors, the expression of TRAIL-R1 was found in 40.6% of the 32 melanoma invaded LNs, and TRAIL-R2 was found in 87.5% of the 32 melanoma invaded LNs. The expression levels for each protein in IHC are summarized in Table 1 . The staining on frozen sections is illustrated on Fig. (1, red staining) . 
Double Immunofluorescence Analysis
A double immunofluorescent staining was performed to confirm the specific expression of proteins by melanoma cells. We highlighted an expression of 3 out of 4 studied proteins by Melan-A positive tumor cells: B7-H3, TRAIL-R1, and TRAIL-R2 in 2 LN samples. Fig. (2) illustrates a tumor cell that co-expresses TRAIL-R2 and Melan-A.
Flow Cytometry Analysis on Tumor Cell Lines
Eleven tumor cell lines were studied. All the tumor cell lines analyzed were obtained from the invaded LN samples studied in IHC. TRAIL-R2 expression was identified in 10/11 melanoma tumor cell lines evaluated and B7-H4, TRAIL-R1 in only 1/11 of the tumor cell lines. None of the tumor cell line analyzed expressed B7-H3 in flow cytometric analysis (positive control expressed B7-H3). The results with the average percentage of stained cells in flow cytometry and the correlation with the results obtained with the other techniques performed are summarized in Table 2 . The expression of the 4 proteins by tumor cell lines was not correlated with the expression of the proteins in IHC. Fig. (3) shows representative positive results for 3 of the 11 melanoma tumor cell lines.
Correlation with Clinical Data
Correlation Between Expression Levels and Survival
The expression level of B7-H4 in vivo (IHC) correlated with overall survival (p-adjusted =0.0496, Likelihood ratio test). The expression levels of TRAIL-R1, and TRAIL-R2 in vivo (IHC) correlated with overall survival, (respectively padjusted=0.007 and p-adjusted =0.0432, Log rank test), and the expression levels of TRAIL-R1 correlated with relapsefree survival (p-adjusted =0.029, Log rank test). Then for TRAIL-R1 and TRAIL-R2 a higher expression level using the semi-quantitative scale in IHC (2, 3, 4) was associated with a shorter survival than for lower expression levels (0,1). Fig. (4) represents the Kaplan-Meier curves obtained for TRAIL-R1 and TRAIL-R2 (Log Rank tests). The expression level of B7-H3 was not correlated with survival. In vivo high expression levels of B7-H4, TRAIL-R1 and TRAIL-R2 in invaded LNs are correlated with shorter overall survival. The p-values adjusted for 8 tests using the BenjaminiHochberg procedure are presented in Table 3 .
DISCUSSION
In this study, we demonstrate an expression of two B7 family members B7-H3, B7-H4, and TRAIL-R1/R2by melanoma invaded LN with variable expression levels. The results of flow cytometry on tumor cell lines confirm the expression by melanoma cells of all the proteins except B7-H3.
Concerning B7-H3, we found a frequent expression of this protein in invaded LN (26 out of the 32 studied LNs) associated with an absence of expression by tumour cell lines which suggest that the expression of B7-H3 by melanoma cells is induced by interactions with the microenvironment. The double labeling confirms this hypothesis showing that melanoma cells express B7-H3. The expression of B7-H3 by other tumor cells than melanoma has already been described [18, 27] and this study confirms the expression of B7-H3 by melanoma tumor cell as shown by recent data [16] .
Concerning B7-H4, we found an expression by both melanoma invaded LN and melanoma cell lines. However we were unable to confirm these results by the double labeling which could either relate to a technical problem or to the fact that the in vivo expression of B7-H4 is related to other cells than melanoma present in the micro environment. The expression of B7-H4 by tumor cell in other cancers was already described [14, 28] . Expression by melanoma tumor cell has also been observed [16] .
Regarding the cell death receptors, we demonstrate a high percentage of expression of both TRAIL-R1 and l TRAIL-R2 by both invaded LN (13/24) and melanoma cell lines. In addition the expression of TRAIL R1/R2 by melanoma cells is confirmed by confocal microscopy. This expression of TRAIL R1/2 has only been reported in one previous paper (15) . Therefore our work confirms the expression of the three proteins B7-H3, B7-H4, TRAIL-R1, and TRAIL-R2 by melanoma tumor cells. In addition of these results, our study demonstrates the absence of any correlation between the expression of these 2 families of proteins by tumor cell lines and invaded LN. This result supports the role of interactions between microenvironment and melanoma cells for the expression of these 4 proteins as already suggested by Nguyen et al., [22] in a previous work.
But the main originality of our work is to show that the protein expressions of three proteins among the four studied have a prognostic value in vivo in invaded lymph nodes.
A high B7-H4 expression level in invaded lymph nodes was correlated with a shorter overall survival. The prognostic value of B7-H4 has already been described in two other cancers: prostate cancer [19] , and renal cell carcinoma [17] but never in melanoma. These results support the hypothesis of an inhibitory function of this protein. A high expression level of TRAIL-R1 or TRAIL-R2 in invaded LNs is also correlated with a shorter overall survival. The review of the results of the literature appears discordant. Indeed Zhuang et al., [20] reported that the progression of melanoma is associated with a decrease expression of both TRAIL-R1 and TRAIL-R2 [23] , and McCarthy that a high TRAIL-R2 expression level correlated with increased survival [29] . However, our results are supported by studies published in other types of cancers. Indeed McCarthy and Ganten reported a higher expression rate of TRAIL-R2 associated to a shorter survival in breast cancer [30, 31] . Cooper et al., described the same results in the non-small' cell lung cancer [32] . These discrepancies underline the complexity of interactions between TRAIL receptors and the intracellular apoptotic machinery. TRAIL receptors activation induces apoptosis via caspase activation. However TRAIL receptors can also activate a cell survival pathway by activating NF B transcription factor which has an anti-apoptotic effect via the up-regulation of pro-survival genes [33] . Another hypothesis is that a part of the TRAIL-R2 expression is related to the T lymphocytes of the microenvironment with induction by tumor cells of apoptosis of these T lymphocytes in a similar manner than PDL1 expression by the melanoma cells induces an apoptosis of PDL1+ lymphocytes. Our results support the ongoing development of therapeutic agents specifically targeting TRAIL receptors or TRAIL agonists [34, 35] . The main weakness of our work it that in vivo we cannot eliminate the fact that the increased expression of these 3 proteins is partially related to other cells in the tumor micro environment. But in any case, our study shows a correlation between the expression of B7-H4, TRAIL-R1 and TRAIL-R2 in global invaded lymph node expression (melanoma cells and micro environment) and survival of the patients making it a predictive marker of response to TILs.
In conclusion, we confirm in the present work an expression of B7-H3, B7-H4, TRAIL-R1 and TRAIL-R2 by melanoma cells. The absence of correlation between tumor tissue results and melanoma cell lines argue for the role of microenvironment in their modulation. Furthermore we show that B7-H4, TRAIL-R1 and TRAIL-R2 expression in invaded LN could be predictive marker of progression in patients treated by TILs, but these results have to be confirmed.
Our results encourage the development of therapeutics targeting the TRAIL induced apoptosis pathway.
